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1. Experimental 
1.1 Sample preparation 
For XRD and XPS analysis, the catalysts were suspended in ethanol and ground into a powder. 
After drying at 80°C, the powders were then analyzed. 
1.2 X-ray Photoelectron Spectroscopy (XPS) 
Pd20 and Pd100 were analyzed by XPS with just the carbon coated silica support and supported 
monometallic Fe as reference. The XPS measurements were performed using a Kratos 
Amicus/ESCA 3400 instrument. The sample was irradiated with 240 W unmonochromated Mg 
Kα x-rays, and photoelectrons emitted at 0° from the surface normal were energy analyzed using 
a DuPont type analyzer. The pass energy was set at 150 eV. CasaXPS was used to process the raw 
data files.  
1.3 X-ray Powder Diffraction (XRD) 
The Pd100 was analyzed using a Siemens D 500 diffractometer. The catalyst surface was scanned 
by monochromatic Cu Kα radiation at 45 kV and 30 mA, between 15° and 75°(2θ), in steps of 
0.05° with a dwell time of 3s. The slit used was of medium resolution (0.15 DS). To improve the 
intensity, the sample was also scanned in steps of 0.05° with a dwell time of 10s, between 36° and 
44°(2θ), where the signature Pd peak shows. 
Due to the low signal-to-noise ratio with the Siemens D 500 diffractometer, XRD of the Pd10 and 
Pd45 were performed using both monochromatic Cu Kα radiation, and monochromatic Co Kα 
radiation. The samples were scanned from 20° to 100°, in steps of 0.02° with a dwell time of 1s. 
The monochromatic Cu Kα radiation was provided by a Bruker D8 Advance system. The 
monochromatic Co Kα radiation was provided by a PANalytical X’Pert Pro system.  
2. Data Processing 
2.1 The d-spacings from Fast Fourier Transform (FFT) on the HRTEM images were processed 
using Digital Micrograph software to get the diffraction spots, from which the d-spacings were 
obtained. The diffraction spots from the FFT were perpendicular to the lattice fringes in the 
HRTEM image.  If there were no diffraction spots in the FFT, then the lattice fringes were out of 
focus in the HRTEM image and those particles were excluded in the analysis. 
 
2.2 Reaction Rate Estimation 
Assuming there was H2 in excess leading to zero order reaction rate for H2 and first order for 
acetone, the reaction rate can be expressed as: 
𝑟𝑟𝐼𝐼𝐼𝐼𝐼𝐼 = −𝑟𝑟𝐼𝐼𝐴𝐴 = 𝑣𝑣0 𝑑𝑑𝑑𝑑𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑 = k𝐶𝐶𝐼𝐼𝐴𝐴 = 𝑁𝑁𝑁𝑁0𝐶𝐶𝐼𝐼𝐴𝐴                              (1) 
and the conversion of acetone/yield of isopropanol could be estimated by: ln 1
1−𝑋𝑋
= 𝑁𝑁𝑑𝑑
𝑣𝑣0
                                                         (2)   
where 𝑣𝑣0  is volumetric flowrate of acetone, 𝐶𝐶𝐼𝐼𝐴𝐴  is concentration of acetone, W is the mass of 
catalyst, N is the number of active sites per unit mass of catalyst, 𝑁𝑁0 is rate constant per active site, 
and X is conversion. 
Given the averaged 5% isopropanol yield for Pd100A during the 12 hours, the average isopropanol 
yield on Pd100B was estimated to be 34% by using equation 2, which was close to what we observed 
(32%). The data are listed in Table S3.  
 
2. Tables 
Table S1. Palladium concentration on catalysts, measured from ICP-OES 
Catalyst Pd wt% Fe wt% Pd mol% 
Pd100A 0.75 0 100 
Pd100B 0.61 0 100 
Pd100C 0.66 0 100 
Pd75A 0.76 0.15 73 
Pd45A 0.74 0.43 47 
Pd45B 0.64 0.43 44 
Pd20A 0.66 1.52 19 
Pd20B 0.66 1.81 16 
Pd10A 0.67 3.89 8 
Pd10B 0.71 3.75 9 
 
Table S2. Characterization results from CO chemisorption analysis a 
Catalyst 
CO 
uptake(μmol/g 
catalystb) 
Active Surface 
Area(m2/g catalyst) Dispersion 
Active Surface Site(mol/g 
catalyst) 
Pd100A 29.4 1.4 42% 2.9×10-5 
Pd100B 24.2 1.1 42% 2.4×10-5 
Pd100C 12.7 0.6 20% 1.3×10-5 
Pd75A 23.5 1.1 33% 2.4×10-5 
Pd45A 15.7 0.7 23% 1.6×10-5 
Pd45B 9.8 0.5 16% 9.8×10-6 
Pd20A 8.6 0.4 14% 8.6×10-6 
Pd20B 11.1 0.5 18% 1.1×10-5 
Pd10A 9.7 0.5 15% 9.7×10-6 
Pd10B 10.9 0.5 16% 1.1×10-5 
a. The letter A and B indicate synthesis batch. 
b. Total weight of active metal and support 
 
Table S3. Isopropanol yield  
TOS 
(h) 
  Catalyst 
Pd100A Pd100Ba Pd100C Pd100Cb Pd75A Pd75A2 Pd45A Pd45B Pd20A Pd20B Pd10A Pd10B 
1 5% 32% 2% 6% 15% 14% 15% 14% 20% 12% 14% 15% 
2 5% 26% 2% 3% 13% 13% 15% 14% 16% 11% 12% 12% 
3 5% 27% 2% 4% 13% 14% 15% 14% 16% 12% 12% 12% 
4 4% 27% 3% 3% 14% 13% 16% 15% 16% 13% 12% 11% 
5 5% 30% 3% 3% 13% 13% 17% 15% 17% 14% 12% 11% 
6 5% 32% 3% 3% 15% 12% 17% 15% 17% 14% 13% 11% 
7 5% 30% 3% 3% 16% 13% 17% 15% 17% 13% 13% 11% 
8 5% 32% 3% - 18% 13% 17% 16% 18% 14% 13% 11% 
9 5% 31% 3% - 5% 13% 18% 18% 17% 15% 14% 11% 
10 6% 45% 3% - 19% 13% 18% 19% 17% 16% 17% 11% 
11 6% 37% 3% - 26% 12% 21% 21% 18% 16% 20% 11% 
12 5% 31% 3% - 27% 13% 26% 23% 17% 15% 21% 13% 
a. Reaction condition: 99mg catalyst, 0.2ml/min acetone aqueous solution, 100sccm H2.  
b. Catalyst was ground into powder before packed in the reactor. Reaction run for 7 hours.   
 
 
 
 
 
 
 
 
 Table S4. Reaction conditions 
Reactant 
Catalyst 
Amount 
[mg] 
Temperature 
[oC] 
Reactant Feed H2 
Flowrate 
[ml/min] 
Concentration 
[mol/L] 
Flowrate 
[ml/min] Solvent 
Propanal 80 180 0.1 0.1 water 150 
2-pentanone 15 180 0.1 0.1 water 20 
5-hexen-2-one 15 40 0.1 0.5 water 150 
benzene 80 180 0.2 0.1 14Dioxane 40 
phenol 80 180 0.2 0.1 14Dioxane 40 
 
Table S5. Reaction results at stable conversion 
Catalyst 
Reactant 
2-Pentanone Propionaldehyde 
Conversion Conversion 1-Propanol Selectivity 
2-Methylpentanol 
Selectivity 
2-Methylpentanal 
Selectivity 
Pd100 12% 66% 56% 0% 9% 
Pd45 34% 88% 96% 0% 1% 
Pd20 28% 82% 83% 1% 4% 
Pd10 26% 74% 80% 0% 0% 
 
Table S6. reaction Results at stable conversion 
Catalyst 
Reactant 
5-Hexen-2-one Benzene Phenol 
Conversion 2-Hexanone Selectivity Conversion Conversion 
Cyclohexanone 
Selectivity 
Cyclohexanol 
Selectivity 
Pd100 25% 83% 30% 22% 90% 20% 
Pd20 20% 82% 22% 10% 28% 95% 
 
 
 
4. Figures 
Figure S1. HAADF-STEM images of the catalysts.



 
 
 
 
 
 
  
Figure S2. Particle size distributions

 
Figure S3.XRD of Pd45, Pd10 (top) and Pd100 catalyst (bottom) 
     
Figure S4. Survey XPS on Pd20 
 
  
Figure S5. HRTEM images of Pd20(top) and Pd75(bottom)
 
